proportional to the energy lost by the particle, independent of its charge, mass, and velocity.
The method to be described employs the ion-drift technique of E. M. The maximum voltage that can be applied to the junction depends on several variables. Avalanche breakdown in either the bulk material or the junction edge rna y be the limiting factor or, under other circumstances, noise due to surface or bulk leakage currents may set the limit~ On examination of Eq. (1) it is seen that high-resistivity material is required to obtain thick depletion layers at a reasonable bias voltage.
Material exhibiting greater than 10,000 ohm-em resistivity is difficult to 5 obtain and suffers change of resistivity or even of type during high-temperature UCRL-9538 processing (e.g. , diffusion). By applying the ion drift method, essentially '
• .. ·,.
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intrinsic (high-p) silicon can be produced in a p-n junction made from lowresistivity starting material.
2. Principles of the Ion-Drift Method E. M. Pell has described the ion-drift principle in detail; the description given here is brief. The method depends on the tendency of ionized donors or acceptors to drift in the electric field existing in the depletion layer of a junction when the junction is reverse-biased. It may be seen that the general result of such drift is a tendency to create an intrinsic semiconductor layer in the junction region in which donor and acceptor impurities almost exactly compensate. With mC>st_typ.es . . 6f~it::O;p.utity;, diffusion mask!L the 0 ion-drift effect; buhvith1ithiun;1,these is a temperature range (100 to 400 C) in which ion-drift effects can be made predominant.
To demonstrate the effect, consider a block of p -type silicon into which lithium (a donor impurity) has been diffused from one face. Figure l shows a donor-acceptor profile after this initial diffusion. If the resulting n-p junction is reverse-biased and the temperature raised to l50°C for a ;
short time, the donor;..acceptor profile is as .shown in Fig. 2 Severe pitting of the surface into which the lithium is diffused prompted use of a p + impurity coating on the opposite side of the silicon wafer, and led to the resolution to drift the Li ions all the way to this back coating so that it could be used as the particle-entry side.
2 Preparation of the Silicon
Wafers with surfaces parallel to the 1, 1, 1 plane were cut from the silicon ingot 8 containing the p-type impurities (approx. 100 ohm-em).
Thicknesses ranged from 50 mils 9 upwards. The surfaces were lapped with 
Diffusion
was pa1nte w1t a sma .. g. ass ro on the surface opposite the Al side and the slice was. heated in the diffusion oven ' then cooled. This produced a junction approx 20 mils in from the lithium side.
When the slice had cooled below 80°C it was dropped into water to remove the excess lithium on the surface. After the slice was washed as described earlier (prior to etching the surface), picein wax in trichloroethylene was painted . .
. on the two faces and dried under a heat· lamp. The edges were then etched for 2 min in hydrofluoric and nitric acids (1:3). The Picein. was removed by washing with trichloroethylene followed by methanol and deionized water.
Dry compressed nitrogen was then used to blow the water off (to prevent most of the water from drying on the slice), thus maintaining maximum purity.
.4 Ion Drift
The Li-junction diode was placed Li face up in the drift oven shown in 
Here A is the area of the junction and K is the dielectric constant for silicon (12 at room temperature). were determined for 1 00-ohm-c,Jii silicon starting material by the above pro-/ cedure; they are discussed below.
A technique that maintained the fastest drift rate at any time for a given operating temperature made use of high starting voltages and a resistor which limited the maximum amount of power that could be expended in the crystal (Fig. 5 ) . By determining the current and voltage across the slice at the point of thermal runaway the power input became known (P = iV). The value of the resistor was then chosen so that at all values of leakage current the maximum power to the slice was just below the thermal runaway point. 
6 Detector Performance
The Li-drifted detectors were mounted in the holder shown in Fig. 7 .
The p + side was contacted with ste€::1 spring wire which provides tension to hold the crystal in place.
A preamplifier designed for use with junction detectors of the conventional type (i.e., thin depletion layers)
4 was used along with a linear amplifier and a 1 00-channel pulse-height analyzer. A calibrated pulser signal was fed into the preamplifier input to test the stability of the system.
Energy measurements were made with helium ions and deuterons from the Crocker Laboratory 60-inch cyclotron, elastica~ly scattered through 15 deg from a 0. 0001-in. gold foil in a 36-in. s~attering chamber.
13 Particles were degraded to various energies by aluminum absorbers. Alpha particles . . 228 from a Th source were also measured. The counting system was designed for nuclear reaction experimental use, and therefore did not require that connections between detector and preamplifier be short. Four feet of cable The lifetime of the minority charge carriers sets a limit on the thickness at which a detector will remain linear and not lose charge owing torecombination. This limit has not been reached at a thickness ofT33 mils, as evidenced by the data above. 
